Patients with familial adenomatous polyposis (FAP) and age and sex matched controls were tested for cytochrome P4501A2 (CYP1A2), N-acetyltransferase, and xanthine oxidase activities using caffeine urinary metabolites as a discriminator. FAP patients showed significant underactivity of N-acetyltransferase (which inactivates some carcinogens) and significant overactivity of CYP1A2 (which activates some carcinogens). Xanthine oxidase activity, which can generate free radicals and cause cellular damage, was significantly increased in the FAP patients. All but one of the FAP patients had undergone colectomy. A separate group of six patients was therefore assessed before and at an average time of eight weeks after colectomy. No effect on enzyme activity was seen. The differences in enzyme activities detected in this study could produce an excess of active carcinogenic metabolites in the bile of FAP patients and contribute to the high risk for intestinal cancer in FAP. (Gut 1995; 36: 251-254 Of the FAP patients, six (21%) were smokers, while 11 (20%) of the controls were smokers. All patients were white with normal liver and kidney function. All but one of the FAP patients had undergone colectomy between 1 and 38 years before sampling. All controls had intact colons.
Familial adenomatous polyposis (FAP) is a premalignant autosomal dominant condition characterised by multiple colonic adenomas and by disparate extracolonic manifestations. Among the second are foregut adenomas and cancers, which occur most commonly in the duodenum, particularly around the ampulla of Vater.' A similar distribution of intestinal tumours occurs in the rat model for colorectal cancer, where a carcinogen, given subcutaneously, is excreted into the bile duct after undergoing hepatic metabolism.2 In humans, cytochrome P4501A2 (CYP1A2) and hepatic N-acetyltransferase enzymes participate in the metabolism of carcinogens.3 Xanthine oxidase promotes the generation of free radicals and reactive quinones, leading to intracellular damage. 4 The activities of these enzymes differ between subjects. This variability might contribute to differences in cancer risk. 5 In the context of FAP, abnormal hepatic metabolism of carcinogens might explain the bile dependent distribution of foregut tumours seen in this condition. 1 We therefore measured the activity of these enzyme systems in patients with FAP and in healthy controls.
Subjects and methods

CYP1A2
, N-acetyltransferase, and xanthine oxidase activities were measured in 29 unrelated patients with FAP (average age 38.3 years, range 19-70; 16 males, 13 females) and in 54 unrelated healthy volunteers (average age 39 years, range 18-70; 27 males, 27 females). Of the FAP patients, six (21%) were smokers, while 11 (20%) of the controls were smokers. All patients were white with normal liver and kidney function. All but one of the FAP patients had undergone colectomy between 1 and 38 years before sampling. All controls had intact colons.
To assess the effect of colectomy on enzyme function, five FAP patients and one patient with ulcerative colitis (average age 24 years, range 17-46; 5 males, 1 female) received analysis of N-acetyltransferase, CYP1A2, and xanthine oxidase activity immediately before colectomy and at a mean time of eight weeks (range 6 to 12) after colectomy.
Urine samples were collected at two to six hours after the oral administration of a 300 mg tablet of caffeine (FAP patients) or after a caffeine containing beverage (controls), caffeine intake having been shown not to affect the metabolic profiles obtained.6 Patients were not fasted and were not subject to any dietary restrictions. Ethics committee approval was obtained for this study. Urine samples were stored at -20°C and were later analysed as a single batch.7
The caffeine metabolites 1-methyluracil (1-MU), 1-methylxanthine (1-MX), 5-acetylamino-6-amino-3-methyluracil (AAMUwhich is the metabolite of 5-acetylamino-6-formylamino-3-methyluracil (AFMU)) were assayed in the urine samples by a modification of the method of Grant et al. CYP 1A2 activity was measured by the ratio of AAMU plus 1-MX plus 1-MU/1,7 dimethylurate. 10 Xanthine oxidase activity was calculated using 1-MU/(1-MU plus 1-MX).10 Figure 1 shows the formation of the metabolites of caffeine and the site of action of the three enzymes measured in this study. N-acetyltransferase, CYP1A2, and xanthine oxidase activity, calculated as urinary metabolite ratios in FAP and control subjects, were AFMU compared using the two tailed Mann-Whitney U test. Results are expressed as the median values and interquartile ranges obtained for each group of patients.
Results were also tested for correlation between length of time from colectomy and N-acetyltransferase, CYP1A2, and xanthine oxidase enzyme status using the Spearman rank correlation test.
Results
The Table shows that patients with FAP had significantly lower N-acetyltransferase activity than the controls. Of the 29 FAP patients, 25 were slow acetylators compared with 35 of 55 controls (p=005).
FAP patients had significantly higher CYP1A2 activity than controls.
Xanthine oxidase activity was also significantly higher in the FAP group than in controls.
There was no correlation between length of time from colectomy and enzyme status (N-acetyltransferase r.-02, p=028; CYP1A2 rs-03, p=01; xanthine oxidase rs5O3, p=O-l). Figure 2 shows that there was no significant difference between before and after colectomy values for N-acetyltransferase, CYP1A2, and xanthine oxidase activity in the six patients in whom caffeine testing was performed before and after colectomy.
Discussion
We have found that postcolectomy patients with FAP differ in their N-acetyltransferase, CYP1A2, and xanthine oxidase status from control subjects with intact colons.
The relevance of this finding to precolectomy FAP patients remains to be determined. However, the problem of duodenal cancer is one that continues after colectomy. group.bmj.com on April 1, 2017 -Published by http://gut.bmj.com/ Downloaded from marker.12 DNA adducts were distributed in the same bile dependent pattern as foregut tumours in the FAP patients. The concentration of DNA adducts was significantly greater in postcolectomy FAP patients than in controls. Bile from precolectomy FAP patients was obtained and was tested both in a bioassay13 and in vitro.14 FAP bile was found to impart a significantly greater adduct load on DNA in both of these studies than did control bile, implying that the excess of DNA adducts detected in FAP mucosa was produced by carcinogens in FAP bile rather than from faulty repair of DNA in FAP mucosa.
This study suggests that the distribution of DNA adducts and tumours in the intestinal mucosa of patients with FAP may be partly explained by defective detoxification of carcinogens by N-acetyltransferase in the liver, by increased activation of carcinogens by hepatic CYP1A2, and by tissue damage occurring as a result of hepatic xanthine oxidase overactivity. 15 This study has also shown that colectomy does not affect the activity of N-acetyltransferase, CYP 1A2, and xanthine oxidase in the first two postoperative months, and that there is no correlation between the length of time from colectomy and enzyme activity for all three enzyme systems tested. This implies that the findings of this study might be relevant to precolectomy patients.
The excess number of slow acetylators in patients at high risk for bowel cancer seen in this study, however, differs from the findings reported in three other studies ofhepatic acetylation polymorphism in postcolectomy patients with sporadic large bowel cancer. 1618 of these studies, two showed a statistically significant excess of fast acetylators in large bowel cancer patients,16 17 while one showed no difference between test and control groups.18 Differences between our study and the others that may explain the variation in results include our use of the 0-48 metabolite ratio value to differentiate between slow and fast acetylators, our use of caffeine as a probe drug (the other studies used sulphamethazine), and our reliance on the urinary ratio of metabolites. Indeed, if a urinary ratio is used in the study of 21 The lack of correlation between the length of time from colectomy and N-acetyltransferase activity and the lack of change of enzyme activity in pre and postcolectomy samples from the same patients implies that the role of colonic acetylation is not as important as hepatic acetylation. This question will only be answered by phenotyping studies of larger numbers of patients over a longer time frame, and by genotyping studies, as the genes responsible for these polymorphisms are isolated. 24 The same provisos also apply to the other enzyme systems participating in the metabolism of carcinogens.
CYP 1A2 is one such system, activating numerous carcinogens including the heterocyclic amines and arylamines, which occur in cooked fish and meat products.25 In our study, CYP1A2 activity was greatest in the FAP group.
Glutathione S-transferase mu, another carcinogen metabolising isozyme, usually acts to detoxify carcinogens. It has been found to be deficient in FAP patients26 and in patients with sporadic colorectal cancer27 when compared with controls. In FAP, differences in carcinogen metabolism may contribute to the different levels of severity of the condition in different patients. If these differences had an inherited basis, then they would be expressed in target tissue (such as the duodenum and colon) as well as in the liver. The effect of this would be to further diminish that subject's ability to detoxify carcinogens, leading to a more severe form of polyposis.
Genetic variation in carcinogen metabolism has been neglected in most epidemiological and rodent studies of cancer aetiology hitherto. 
